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Rig / Type of Craft: Icebreaker

Trade: Multi-Mission — Aiding domestic navigation, search and
rescue, buoy tending, law enforcement, reserve training,

and public relations.

Class: Mackinaw

Principal Dimensions: Length (ca): 290’
Beam: 74’5
Draft: 19°27

Displacement: 5,252 (fl) tons

(The listed dimensions are “as built,” but it should be
noted that draft and displacement were subject to change

over time.)

Location: Mackinaw City, MI (formerly home ported in
' Cheboygan, MI)

Dates of Construction: 20 March 1943 — 4 March 1944

Designer: Gibbs and Cox in New York, NY — Commander Edward
H. Thiele (USCG) supervised the design phase of the
Mackinaw.

Builder: Toledo Shipbuilding Company in Toledo, OH began

construction, but fell into bankruptcy. American
Shjpbuildjng and Drydock Company in Cleveland, Ohio
completed the vessel.

Present Owner: The Icebreaker Mackinaw Maritime Museum, Inc.

Disposition: Historic Ship Exhibit
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When the Mackinaw was launched, she was the most
powerful icebreaker in existence. She was specifically
built for service on the Great Lakes and the only vessel
built in her class. Her long service career, sixty-two
years, made this ship a hero and an icon not only for the
men and for women who served on her, but also for the

mariners who sailed on the Great Lakes.
Brian Clayton

This project is part of the Historic American Engineering
Record (HAER), a long-range program to document
historically significant engineering and industrial works in
the United States. The Heritage Documentation
Programs of the National Park Service, U.S. Department
of the Interior, administers the HAER program.

The project was prepared under the direction of Todd
Croteau (HAER Maritime Program Coordinator).
Gregoire Holeyman (HAER Intern Architect) generated
vessel drawings. Jet Lowe (HAER photographer) created
large format photographs. Special thanks are given to
Commander Joe McGuiness (CO), Lieutenant
Commander Lisa Mack (XO), and the crew for giving us
the last tour of the Mackinaw. Their help and assistance
greatly benefited our project.
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Icebreaking on the Great Lakes began in 1872 when Alpena Harbor iced over and Commodore
Louis Boynton, in St. Ignace, dispatched two ships to break up the ice. With the development of
ferries used to carry rail and automobile cars across the Straits of Mackinaw, ship operators would
call the ferries to assist them when they became trapped in the ice. By 1936, the U.S. Coast Guard

began maintaining the shipping lanes and keeping them free from ice.!

The development of “true” American icebreakers, built for a single purpose, began in 1941 when
President Franklin D. Roosevelt ordered the construction of the Wind class. The Western Pipe and
Steel Company, in San Francisco, received the contract to build four icebreakers. Workers laid
their keels in 1942 and constructed the four ships in two years. The construction of the Wind class
ultimately led to the development of the Mackinaw.”

When the United States entered World War II, the U.S. Navy moved a majority of its ships to the
Atlantic to counter the German U-boat threat. War planners moved two cutters, the Escanaba and
Tahoma, from the Great Lakes as a result. As war production grew in the United States, so did the
need for an icebreaker that could operate on the Great Lakes year round. The war effort placed
heavy demands on industry and dramatically increased cargo and raw material shipments during the
winter months. Consequently, Congress appropriated funding for an icebreaker to operate solely
on the Great Lakes.’

Gibbs and Cox, naval architects in New York City, completed the design of the Mackinaw. The
navy created a special section inside their office to design icebreakers, including the Wind class. The
government chose Commander Edward H. Thiele, USCG, to supervise the office. Before this
assignment, Commander Thiele had participated in a study on icebreakers, so his selection as
supervisor of shipbuilding fit well. The naval architects prepared the working drawings for the

Mackinaw and sent them to the shipbuilder after Commander Thiele reviewed them.*

The Toledo Shipbuilding Company won the contract to build the Mackinaw and laid the keel on 20
March 1943. Assorted delays and penalties caused the company to file bankruptcy. The American

! Sandra L. Planisek, Icebreaker Mackinaw (Mackinaw City, MI: Great Lakes Lighthouse Keepers Association,
2006), p. 18. Planisek’s book offers many insights into the Mackinaw from riding the vessel on and off for two years.
Her book gives the reader a “personal” look into the ship and crew.

? Robert Erwin Johnson, Guardians of the Sea: History of the United States Coast Guard, 1915 to the Present
(Annapolis, Md.: Naval Institute Press, 1987), pp- 214-217.

* “Mackinaw History,” n.d., Mackinaw Cutter File, U.S. Coast Guard Historian’s Office, Washington, DC, p.

* Ibid.
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Shipbuilding and Dry dock Company took over the contract and completed the Mackinaw for ten
million dollars. The shipyard launched the Mackinaw on 4 March 1944 and completed her fitting
out in December 1944. The U.S. Coast Guard commissioned the Mackinaw on 20 December 1944
and she began working on the Great Lakes thereafter.’

The U.S. Coast Guard intended the Mackinaw to make her homeport in Milwaukee, Wisconsin, but
chose an alternate location in Cheboygan, Michigan. The Coast Guard determined that most of the
traffic was located in and around the Straits of Mackinaw (the body of water connecting Lake
Michigan and Lake Huron). The shipping lanes also included more areas: the St. Mary’s River, the
Soo Locks, and Whitefish Bay on Lake Superior. Consequently, Cheboygan was a natural choice

close to the areas of operation‘(’

Within her design, the completed Mackinaw boasted an impressive array of machinery and new
concepts. The shipyard constructed the Mackinaw out of “mild” steel and reinforced her hull with a
1-5/8 inch steel “ice belt” below the water line. Engineers employed tight frame spacing (sixteen-
inches) to increase the rigidity of the hull.” Architects built the Mackinaw using the “Maier Ship’s
Form” as their basic design. The Maier Form uses triangular frames on both the bow and stern that
resembled wedges and it reduces surface wetness and hull friction.® The model works well with
icebreakers because the bow slides up on the ice and the weight of the vessel crushes it. The design
also helps to protect the hull because the ice pushes it out of the water due to the curvature of the

i 9
sides.

Designers built the Mackinaw around three general characteristics: she was 292 feet in overall
length, she had a 74.3-foot beam, she drew 19 feet of water, and she displaced 2,252 tons of water.
Inside, six ten-cylinder Fairbanks Morse opposed-piston engines powered the ship, each rated at
2,000 horsepower. Connected to each motor were Westinghouse electric generators that sent
900-volts of direct current to three Westinghouse electric motors. Her twin-screw electric motors

generated up to 5,000 shaft horsepower each for a top speed of 18 knots. Normal operations

* Ibid.
¢ Ihid.

T4“USCGC Mackinaw (WAGB-83),” 6 April 1967, Mackinaw Cutter File, U.S. Coast Guard Historian’s Office,
Washington, DC.

* International Maritime Dictionary, 3™ ed., s.v. “Maier Ship’s Form.”

?“USCGC Mackinaw (WAGB-83),” p. 1.
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allowed for two main engines per shaft, although three motors could be put online per shaft. The

two stern propellers were fourteen feet in diameter and had three blades."

The shipyard installed an electric quadrant steering gear, built by the Hyde Windlass Company, but
wear and tear on the quadrant gear began to affect the ship’s ability to steer correctly. In 2000, the
Coast Guard replaced the old system with a new hydraulic ram manufactured by Jastram
Engineering. To protect the rudder while backing down, architects constructed an ice horn; a steel
plate that projected down into the water to deflect ice away from the rudder."

Naval architects chose diesel-electric propulsion over direct drive or clutched diesel engines.
Several advantages were ease in maneuvering, control between forward, and reverse (icebreakers
normally run into thick ice and have to back up and ram the ice to break it apart). Diesel-electrics
also benefit from not having alignment problems between the engine and shaft, which adds to
better compartmentalization or watertight inl;oe:grity.iz

Four Westinghouse auxiliary generators provided electrical power for the Mackinaw. Although the
main engines used DC power, the rest of the ship used AC power. The 900-volt generators
produced 1,375 kilowatts of power for multiple units: electronics, lighting, galley, pumps,
refrigeration, and steering. The auxiliary generators also provided power to three Westinghouse
excitation motor generators. The exciters supplied excitation to the main service generators and

propulsion motors. "’

Designers constructed the Mackinaw with a propeller under the overhanging bow. This concept was
new to American icebreaking designs and modeled after the Swedish icebreaker Ymer, built in 1931.
Oddly enough, Captain Thiele learned from his European investigation of icebreakers that two
fundamental concepts used in the Ymer's design came from American vessels, the bow propeller

utilized in the Great Lakes car ferries and the diesel-electric plant from the Northland."

) Damage Control Book: U.S. Coast Guard Cutter Mackinaw (WAGB-83), (Baltimore, Md.: U.S. Coast Guard Engineering
Logistics Center, 2005), pp. I(a)1-2.

H “Engineering Study of Steering System for USCGC Mackinaw,” (Portsmouth, VA: CDI Marine Company,
20 October 1998), pp. 9-19.

L Gregory Walsh, “Farwell to the Mackinaw,” Professional Mariner, no. 6 (March-April 1994): p. 34.
" Ibid.

* Donald L. Canney, “Icebreakers and the U.S. Coast Guard,” http://www.uscg.mil/hq/g-
cp/history/icebreakers.html, p. 3.
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Two forward Fairbanks Morse diesel-electric motors drove the bow propeller motor up to 3,300
shaft horsepower. It was similar to the stern propellers (three bladed), but slightly smaller with a

diameter of twelve feet.”®

The bow propeller on the Mackinaw served several useful purposes. When used ahead, the bow
prop drew water from beneath the ice, which reduced the buoyancy of the ice. The weighted bow
crushed the ice more efficiently because the ice losses support. Additionally, the bow’s propulsive
force swept the crushed ice back toward the stern and scattered the shattered it. The prop wash
also helped reduce friction between the hull and the ice. Conversely, when the bow propeller was
reversed the water pushed ahead of the bow moving away any snow atop the ice, thereby taking
away the cushioning effect of the snow and allowing the bow direct contact with the ice.'
Commander McGuiness used the bow propeller during docking and undocking procedures. By
using the bow prop ahead and the starboard propeller in reverse, the vessel would move parallel to
the dock through the torque of the screws — commonly called “walking the boat.” The bow

propeller was an important unit within the Mackinaw’s complex design.l?

The heeling and trim tanks were another significant feature. Architects again borrowed the concept
from the Ymer and fitted the Mackinaw with tanks fore and aft, as well as on the sides. The
combination of tanks could be used together or separately and each set had a purpose. When beset
in ice, she could draw 160 tons of water into her heeling tanks and transfer 14,700 gallons water
per minute back and forth through four powerful Fairbanks-Morse pumps. The rocking motion
would send the ship 10° off center every 90 seconds until she wiggled off the ice. Trim tanks in the
fore and after peaks could be flooded to obtain the best angle for breaking ice and decreasing the
draft to back off the ice. Piping and a strong pump connected both fore and aft trim tanks that
could send 6,830 gallons of water per minute back and forth. Additionally, fuel could be stored in
the trim and peak tanks adding to her immense fuel capacity. ' Architects designed the Mackinaw
with multiple fuel tanks able to hold 276,000 gallons.19

Icebreaking was the Mackinaw's primary mission, but times arose when she was required to tow a
vessel through the ice. The Mackinaw housed a large and powerful towing winch in a room on the

aft deck. The Almon-Johnson constant tension-towing winch (otherwise known as “Big Bertha”)

b Damage Control, p. I(a)2.
' Johnson, Guardians, p- 215.
"7 Ibid.; Planisek, Icebreaker, p. 80-81.

'* Johnson, Guardians, p- 215.
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held 2,200 feet of 2-inch galvanized steel wire on her enormous five-foot drum. The maximum
pull rating on the winch was 94,000 pounds and the breaking strength of the cable was rated at
308,000 pounds; the cable weighed 6.72 pounds per foot.” When crewmembers employed the
winch, the cable went through a towing bit that contained a series of pullies that helped maintain
the direction of the cable and reduced friction. A towing bar sat towards the aft end of the ship (all
the way across the back of the ship) during a tow to prevent the cable from catching equipment
protruding out. The stern had a padded rubber notch at the end of the ship to pull another vessel in

close during a towing evolution.”!

The Mackinaw also contained many other pieces of deck equipment around the ship. On the stern,
two mooring winches handled cables for use in either a port or starboard side docking. Also on the
stern was a Hiab cargo crane that could lift objects up to 1,000 pounds with a ¥-inch galvanized
cable and extended over the starboard side. Situated on the bow was an anchor windlass, with a
chain locker below. The ship carried 810 feet of chain per anchor and two Dunn Bower anchors
weighing 6,000 pounds apiece. Located amidships on the upper deck were two motorboats; a 25-
foot motor surfboat sat in a cradle on the port side and a 20-foot rigid inflatable boat (RIB) sat in a
cradle on the starboard side. Personnel used the RIB for law enforcement boarding, as well as
search and rescue missions. A small crane at the stern of the RIB lowered or raised the boat from
the water. On the aft end of the 02 level was a towing hawser that held 1,200 feet of 9 Y5-inch
double braided line wound around a drum.”

Atop the 02 level was the bridge. From the bridge, crewmembers navigated the Mackinaw through
the Great Lakes. The navigation bridge housed an assortment of electronics (radios, GPS, Loran-C,
radio directional finder, a fathometer, and radars) and the helm used to pilot the ship. A gyro
repeater and compass provided bearings used for navigation. The gyrocompass was located on the
main deck. On the bridge, throttles regulated the speed of the ship. The large brass handles
controlled the bow prop and aft propellers through a series of linkages that were connected to
vernier gauges. Air pressure was sent to the governors, which caused an increase or decrease of

fuel to the engines. In turn, the generators created more or less power for the motors and the ship

" “USCG Mackinaw (WAGB 83),” n.d., Mackinaw Cutter File, U.S. Coast Guard Historian's Office,
Washington, D.C., p. 3.

®Ibid., p. 1.
" Planisek, Icebreaker, p- 32.

* “USCG Mackinaw (WAGB 83),” p. 3.
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sped up or slowed down. The original engine order telegraph also sat on the bridge and could

; : ; . : : 23
transmit the desired engine functions to the engine room in case of an emergency.

Behind the bridge, on the third level, were several other rooms. The chart room, at the rear of the
bridge, housed a large chart table and radar set. Behind the chartroom was the bosun mate’s office
and he supervised the bridge. The Coast Guard added separate conning stations on the port and
starboard sides of the chartroom, on the wings of the ship, to control the ship during close

24
maneuvers.

Atop the bridge was a flying bridge. This level had various gear (searchlights, big-eye binoculars,
and a satellite communication dome) and a mast that was full of electronics, which connected to the
bridge equipment. While underway, a crewmember would stand as a lookout and scan ahead using

the big-eye binoculars.”

When the Mackinaw began her service during World War II, the Coast Guard outfitted the vessel
with ordnance. Small arms consisted of forty M-1 rifles and seventeen .45-caliber pistols. The
vessel also carried two Thompson submachine guns and two .30-caliber machine ga.ms.26 In 2003,
the Coast Guard installed an emplacement to carry an M-60 machine gun. The armory and

a 27
magazine room were located on the second deck, aft of the crew’s lounge.

Designers centered a galley forward amidships on the main deck. They placed the crew’s large
mess hall on the port side of the galley and the officer’s sizable wardroom on the starboard side.
The chief petty officer’s mess was just aft of the wardroom on the starboard side. Located on the
second deck, just aft of the cargo hold, were food stores and reefers to supply the chef’s needs.

" a . i 2
Modern conveniences like a cappuccino machine gave the crew added comfort. d

Located around the ship were quarters for the crew. Designers put the enlisted quarters on the
second deck in the middle of the ship. Officer country was on the main deck, forward of frame 51,

** Planisek, Icebreaker, pp- 73-78.

*Ibid., p. 71.

% Ibid.

* “Ships Characteristics,” (Washington, D.C.: U.S. Coast Guard Historian's Office, n.d.), p. 1.

7 “Historic Context Study: Decommissioning and Excessing the USCG Mackinaw,” (Washington, DC: United
States Coast Guard, August 2004), p- 5.

B “WAGB 83 Damage Control Diagram,” Sheets 3B and 4A.
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and aft of the bow storage area. Below the navigation bridge, on the 02 level, was the captain’s
stateroom and cabin.” The Mackinaw's original personnel allowance called for 121 enlisted men, 3
warrant officers, and 8 commissioned officers.” Later, the Coast Guard reduced the enlisted
personnel to 67 men and women, but kept the same number of commissioned officers.>' The
Mackinaw's original crew was male, but after 2000, the Coast Guard reconfigured the ship to

accommodate female enlisted personnel and officers.”

Through time, the appearance of the Mackinaw changed both internally and externally. Inside, the
Coast Guard modernized the ship to improve habitability by adding, enlarging, and interchanging
rooms. As technology advanced so did the equipment on board, ranging from electrical exercise
equipment to self-flushing latrines. Outside, additions occurred with the construction of rooms on
both sides of the towing winch room. On the afterdeck, both of the 12-ton cranes (kingposts and
booms) were removed, as well as the forward masts and booms, along with their winches that
serviced a number of older style boats and ice skiffs.*’ Additionally, the Coast Guard installed a
sewage tank in the bow area due to tighter restrictions on the dumping of waste in the Great Lakes.

This limitation restricted her endurance to roughly five days at sea.”t

Although the Mackinaw was multifaceted, its key mission was icebreaking — aids to navigation.
From mid-December through mid-April, ice forms on the Great Lakes. Traditionally, the
icebreaking season normally starts when the ice first forms in winter and continues again in spring,
ending mid-February and beginning in mid-March. The icebreaker’s purpose was to extend the

shipping season as much as possible. Overall, the Mackinaw spent around seventy days a year

breaking ice.®

During the icebreaking season, the Mackinaw went through standard evolutions each year.

P “WAGR 83 Damage Control Diagram,” (Washington, D.C.: U.S. Coast Guard Headquarters, November
2005), Sheet 4A.

# “Ships Characteristics,” p. 1.

" “USCG Mackinaw (WAGB 83),” p. 3.

 Planisek, Jcebreaker, p- 15.

¥ “WAGB 83 Damage Control Diagram,” Sheets 3B and 4A; personal visit, June 2006

# “(1.S. Coast Guard Icebreaker Mackinaw,” The Chief Engineer,
http:/ /www.chiefengineer.org/article.cfm?seqnum1=198.

B Roger Losey, “The Coast Guard Cutter Mackinaw,” The Nor’easter 7, no. 6 (November-December 1982):
p- 2.
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Towards the beginning of winter, the Mackinaw broke ice for about six weeks until the ice became
exceedingly thick. Afterward, the ship took a sabbatical, “Charlie Period,” from mid-February
through mid-March the crew performed scheduled maintenance. This layover gave the crew rest,

as well as time to prepare for the “Spring Breakout,” the opening of the shipping season.’

Another sequence followed each year was clearing the shipping lanes. The Mackinaw normally
started breaking ice in Whitefish Bay (Lake Superior), then headed to the St. Mary’s River to break
up the ice. In Whitefish Bay, the Mackinaw ran long tracks back and forth to create a “super
highway” for the freighters. In the lower river, the Mackinaw churned the ice so freighters could
make turns in the bends and proceed down river without wedging themselves in the ice. When a
freighter became lodged in the ice, the Mackinaw circled the ship — this action helped to clear the ice
around freighter. The Mackinaw would back down on the ship (“crab walk”) to tow her out of the

ice using the towing winch.”’

During icebreaking operations, the ice made certain noises and reverberated through the ship’s
hull. Mackinaw customs described the variety of ice in culinary terms: saran, mashed potato,
pancake, snow cone, and margarita ice. Each individual ice form made certain sounds and
produced different pulsations throughout the vessel, breaking ice was loud. There were certain
rooms in the ship that required hearing protection when breaking ice due to the deafening noise the
ice created while passing against the hull. Designers lined the hull with cork to act as insulation
from the cold-water temperatures of the Great Lakes and it helped to buffer the noise.*

At the conclusion of the icebreaking season, the Mackinaw’s crew made necessary repairs to the
ship, trained, and toured the Great Lakes promoting the U.S. Coast Guard. The Coast Guard
scheduled important maintenance during this period (May-July) that could not be accomplished
during “Charlie Period.” From the end of July through October, the Mackinaw spent time
instructing new crewmembers and performed public relations. Every year new personnel replaced
around fifty percent of the crew and training indoctrinated the inexperienced group to the ship. In
addition, every summer the Mackinaw navigated through the Great Lakes to promote the Coast

Guard, which helped to attract new recruits. Some duties included serving as the committee boat

* Planisek, lcebreaker, pp- 22-23.

7 1bid., p- 30. Although the Mackinaw normally operated in these general areas, it should be noted that she
aided all vessels in distress on the Great Lakes and could depart to any of the five lakes to offer assistance.

* Ibid., p- 23. An official list of ice type and ice ages terms, as well as ice surface conditions are located in
Appendix A.
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for two annual sailing regattas. Lastly, towards the beginning of winter the Mackinaw delivered
Christmas trees to Chicago, Illinois before the start of the icebreaking season.”’

Christmas tree runs to large metropolitan areas were common in the early twentieth century and
sailing ships were the principal means of transportation. This was the case with the schooner Rouse
Simmons when it sank in 1912, She was in route to Chicago to deliver Christmas trees, but
foundered during a gale. Many myths and legends surround this ship, but the idea appealed to the
Mackinaw’s captain, CDR Jon Nickerson.*” In 2000, he resurrected the tradition of carrying
Christmas trees to Chicago under the premises: “good service for the needy, a good exercise for the
crew, and to honor those lost at sea.” The Mackinaw completed her last Christmas tree run in
December 2005.*

A new icebreaker, also called the Mackinaw (WLBB-30), has replaced the original cutter. The new
ship, which began service in 2005, is just as unique as the first. New technologies and automation

give the cutter multi-mission capabilities. Her primary assignment is icebreaking, but she will also
be able to perform buoy tending, search and rescue, marine environmental response, and maritime
law enforcement. The new systems on board allow her to carry less crew and give her more

4
endurance.*

The Mackinaw’s long service career, sixty-two years, enabled her to make a special mark upon the
mariners of the Great Lakes by responding to vessels in distress. In one operation, the Mackinaw
traveled to Buffalo to assist twelve ice-bound vessels on 17-18 March 1948. This marked the first
time in fifty years that the shipping lanes to Buffalo opened before the spring thaw. She aided two
vessels (M/V Cedarville and M/V Topdalsfajord) on 10 May 1965 that collided a mile northeast of
Mackinaw City, Michigan. The Mackinaw has helped vessels aground, such as when she ferried
twenty-nine crewmembers from the M/V Nordmeer to Alpena, Michigan on 21 November 1966
and she freed the stranded M/V Stadocona on 1 April 1970. On 13 April 1984, the Mackinaw aided
twelve vessels beset in the St. Clair River, afterwards she proceeded to Lake St. Claire to break an
ice jam that inhibited navigation and had flooded Marine City, Michigan. On Lake Superior, in
March 1991, the Mackinaw broke a section of windrow ice near Duluth, Minnesota that had trapped
three ships. Throughout her long career, the Mackinaw assisted many ships in need. Her reputation

¥ Ibid.
¥ http:// christmastreeship.homestead.com/SchuenemannBrothers. html

*! Planisek, Icebreaker, pp- 2-3.
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among the Great Lakes’ ships was impeccable and sailors always knew that they could rely on the
Mackinaw for help.”

Today, the Mackinaw is a floating museum located in Mackinaw City, Michigan (the town for which
she was named after). The U.S. Coast Guard turned the ship over in July 2006 to the Icebreaker
Mackinaw Maritime Museum. Currently, the museum is developing exhibits for the public so they

can tour the ship and glean knowledge from the Mackinaw's long career,

R 4USCGC Mackinaw (WLBB-30),” n.d., Mackinaw Cutter File, U.S. Coast Guard Historian's Office,
Washington, DC, p. 2.

 Ibid., p. 3.
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Appendix A
Ice Type Terms

Field - An area of pack ice consisting of any size of floes that is greater than ten kilometers across.

Pancake - Predominantly circular pieces of newly formed ice from three meters in diameter, and
up to nine centimeters in thickness, with raised rims due to collisions.

Floe - Any relatively flat piece of ice ten meters or more across. A floe may consist of a single
unbroken fragment or many consolidated fragments.

Cake - Any relatively flat piece of ice less than ten meters across. Cake implies a single unbroken
Fragment of ice.

Brash - Accumulations of floating ice made up of fragments not more than 2 meters across, the
wreckage of other forms of ice.

Slush - Snow, which is saturated and mixed with water, a viscous floating mass in water after a
heavy snowfall. It is an accumulation of ice crystals, which may or may not be slightly

frozen together. Slush has no degree of hardness.

Fast/Shore - Stretches of unbroken ice, which is fast to the shore.

Ice Age Terms
Blue - Fairly level, flat sheet of clear ice, blue appearance, may be fast.
White - First stage of thawing or ice formed largely of snow.

Rotten - Honeycombed due to melting needle ice.

Ice Surface Conditions

Windrow - Ice which has been pressed into heavy ridges or layers by strong winds, often piled up
against the shore or other obstruction.

Jammed - (1) An accumulation of broken river ice in a narrow channel. (2) Fields of lake ice
separated from the shores in early spring may be blown against the shore, exerting great
pressures. In addition, masses of broken-up ice may drift with the wind and produce jams
on and against the shore.
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Appendix B

Historic Blueprint and Photographs

“Maier Ship’s Form”
International Maritime Dictionary, 3" ed.
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Bow view of the Mackinaw under construction, 8 October 1943
U.S. Coast Guard Historian's Office, Mackinaw Files
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Mackinaw breaking ice on a trial run, 1944
U.S. Coast Guard Historian's Office, Mackinaw Files
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Trial run through heavy winter weather on Lake Huron, 1944
U.S. Coast Guard Historian’s Office, Mackinaw Files.
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Mackinaw breaking through windrow ice on the St. Mary’s River, 15 March 1966
U.S. Coast Guard Historian's Office, Mackinaw Files
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Mackinaw leading an ore freighter through the St. Mary’s River, 15 March 1966
U.S. Coast Guard Historian's Office, Mackinaw Files
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Mackinaw creating tracks on the Great Lakes, n.d.
U.S. Coast Guard Historian's Office, Mackinaw Files
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Bow view of the Mackinaw underway, n.d.
U.S. Coast Guard Historian’s Office, Mackinaw Files
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Starboard view of the Mackinaw’s bow propeller, n.d.
U.S. Coast Guard Historian's Office, Mackinaw Files
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View of the Mackinaw’s port bow while in dry dock, n.d.
U.S. Coast Guard Historian’s Office, Mackinaw Files
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View of the Mackinaw’s port quarter while in dry dock, n.d.
U.S. Coast Guard Historian’s Office, Mackinaw Files



USCGC MACKINAW (WAGB-83)
HAER No. MI-121
Page 25 of 26

Select Bibliography

Books

Damage Control Book: U.S. Coast Guard Cutter Mackinaw (WAGB-83). Baltimore, Md.: U.S. Coast
Guard Engineering Logistics Center, 2005.

Johnson, Robert E. Guardians of the Sea: History of the United States Coast Guard, 1915 to the Present.
Annapolis, Md.: Naval Institute Press, 1987.

Planisek, Sandra L. Icebreaker Mackinaw. Mackinaw City, MI: Great Lakes Lighthouse Keepers
Association, 2006.

Articles

Losey, Roger. “The Coast Guard Cutter Mackinaw.” The Nor’easter 7, no. 6 (November-
December 1982): pp. 1-5.

Walsh, Gregory. “Farwell to the Mackinaw.” Professional Mariner, no. 6 (March-April 1994): pp.
28-37.

Documents

“Engineering Study of Steering System for USCGC Mackinaw.” Portsmouth, VA: CDI Marine
Company, 20 October 1998.

“Historic Context Study: Decommissioning and Excessing the USCG Mackinaw.” Washington, DC:
United States Coast Guard, August 2004,

Mackinaw Cutter File. History and Photographs. U.S. Coast Guard Historian’s Office,
Washington, DC.

Diagrams
“WAGB 83 Damage Control Diagrams.” Washington, D.C.: U.S. Coast Guard Headquarters,
November 2005.
Internet Material

Canney, Donald L. “Icebreakers and the U.S. Coast Guard.”
http://www.uscg.mil/hq/ g-cp/history/icebreakers.html.



USCGC MACKINAW (WAGB-83)
HAER No. MI-121
Page 26 of 26

“August and Herman Schuenemann: Lake Michigan's Most Famous Tree Captains.”
http:/ / christmastreeship.homestead.com/SchuenemannBrothers.html

“U.S. Coast Guard Icebreaker Mackinaw.” The Chief Engineer
http:/ /www.chiefengineer.org/article.cfm?seqnum 1=198.



WO L 0 ININLav.I0 5LV 15 GaLmn
TANUIS W4 TN
e 1

CELCEELF]

J

(£8 B37M) MYNIMOVH

et

WIHY ONDIVISE 300 TYINCIDEE SMYNRIYIN JHL J0 4vN TiviSa

7%y
HINA S AEVA LS

P AR ivaye
\\\\\\\\\wx\\.‘m\h\_«ﬂ (55001008) VA ‘246 111vS

NOLLYZ0T 391 AAVEH (777

"900Z Ul pauoIssiurooap Jutaq

uodn [N ‘431D meuR{oR[A 03 pajedolal pue dnoid
WISNSNUW € 0 PALISJSULI] 9 O] SBM [35S9A oY,
‘T “ue8£oqay) ur preng 1se0)) 3 PLs skep
[euly st SULMP PAIUSWNIOP SBM MDUBIDJY Y],

"108fo1d 1no pajgeuaq

Apeaid aoueysisse pue d[oy IOY, ‘MBUDYOR]N
a1} Jo 1o} 3se[ 2y} sn SuralS 10] JorvN

BSTT JOPUBTINIOY) JUBUSINSIT PUB SSOUIMDIIA]
90[ JOPUBITIO,) 0} UAIS 2Ie s)uey) [Broadg
‘syde18ojoyd yeurroy a81e] pajeald ‘rayderdojoyd
MAVH OMoT 1or "sSurmeIp [9ssoa pajerousd
JOANYOIY W] YAVH ‘uemIAa]o}] a1odaIin
"9AnRIIRU [ROLIO)SIY 2 paredard ‘uenroisipy
10BRU0)) ‘UC)AR]) UL 'ARMBUIRY UBSNS
‘12010 [BIURWUONIAUY DS PUB Ne2J0I)
PPO “I0jeuIpI00) Wedold swmire YIVH

Jo uonoarp a3 ropun paredard sem joaford smyy,

TSV NAANHL

ZSIMVT LVIYEO IHL 40 NIINO IHL.

"192180 FUO[ S, Mpuryonpy aY) Woy adpajmouy
ue9[3 pue diys ay) oy ueo Loy} os orpqnd oy} 103
s)qryxe SurdofaAsp st wmasnur ot ‘AyuaLmy)
'900T AN UI WNASNA SWHLBIN MOULYIDIY
Joxea1qa0] ayy 03 diys a1} pasea[al pIens)

1580D) "§'M) YL ‘(IoYe pawreu sem ays YoIym I0J
Um0} 31) WeSIYOIAL ‘ML) MEUDIOBIA UT P31eo0]
umasnwr Sureoyy @ ST Mpupyonpy oY) ‘Aepo].

"$ae] J8aIN) 2} UO pajIes JBy}

SISULIBUI 5[} JOJ OS[B INq ‘1Y U0 PaAIas AJUO Jou
O UQWIOM PUE USWI 9Y) I0] UOJL UB PUR 013

e diys suyp) opeur ‘s1eak om}-A)XIs I100IEO Q0IAIIS
Suoy 1o] *sse[d 1oy UI J[Ing [25S9A A[UO oY} pue
03B JBAIL) 9} UO 90IAISS 10J J[Ing A[[eoryroads
SBM (S "93UD)SIXS UI IO)BaIqa9] [nytomod jsow
o) SBA S ‘PIYOUNE] SeM MDUIYODJY O} USTM

'saxe’] Jealn) oY) uo AJejos ajerado

0} I93{ea1qa01 ue 10y Furpuny pajeridordde
ssa13uo)) “Appuenbesuo) ‘syyuOW INUIM

9y} SuLInp SoLI0JOR] A1) O} S[BLIOJEW MEI FuIkLIeo
081ed ur sasearour pasmbar jey) Ansnpur

uo spuewap AAgay paoe|d J10[Je Jem 9y, ‘punol
Ieak saxe 1eal1n) ay) uo 2jerado pinoo jeyy
I93[83I1qa01 UE I0J Padul oY) PIP OS ‘seje}s pajiun)
a1y} ur ma18 uononpord Jem Sy Jnsal B se
SOYE] J8a1L) Y} WO PAAOW AIOM ‘DUOYD [ PUB
DgpupISF Y} ‘SIOYBAIGIOI OM], "JBIIY) JROq-()
UBULIOD) 29U} 19JUN0d 0} onue)y a1y} 03 sdiys sj
Jo Luofeur & pasow AABN 'S'() oG ‘Tep PHOM
PUOJSS 31} OJUI Pa1ajua S)e)S pajIul) ot UaYM

(€8 8OVM) MVNIMOVIN DISN ¥INVIIGIDI




NVIAOEIHD I

—

Lsv0d 369
MYNIMIVIW

AINO S NY 0A083H]
(c8 85vii) i

THIlW

l

Heoe
LIME

2w
GO TN
MDY 0L S

Oz Gz 02 62 Or Gr 09 G5 09 G9 OL SL 09 6@

HTIHOUd MAVOINI

08 G6 OO0l SOL OW Gl 02l G2l OG GGl Ol Skl 06l G661 091 GBI O GA 0@l Gl OBl S6l O0Z SOZ oI

8
¥
ﬂ iIIJIIII

4. L

;2 T
T
ALK >eZ. @14l

T
] 1
S A 1

= Er

WALSAS ONIMOL 40 TV.L3a 304 Il L33HS 335

HTHOYd MIVOdLNO

TITIIIT

f quyng
U ™
Qo
o
(Ponouszy) aupaxz Jon )

SU0L ZGZ'G Muaeas|dalg
S 2199 Bl i4edg
SN G 199 [, muEeg

1994 062 UIbua

SNOLLYDII0345

(panowwzy) quexg JoN suet)




G
WOLTION 00348 ‘AR GALYANIG

»

g

o

@

T

L] a
m
]

2
@

4 oo o .D
=} m i @ T AT

2 o LA0AWT SHS TVNIORIO 0L NoiLIday BESEES
mmm - \ mv\\\m% . . ieiestinel
= [ “aezavenenuing. y e
= o ol M Jo D O{ h =

& ‘ ; B °g ]

4]

CI47 25

\Z 0 5

294184 40 401

SNVId MDAd daddN




45 Lidnl #4390 SAIVIE
e DL
o
(7 e
WTMATION B0 AB TALYINT

b I e T
i

InE

2
P Y ey BV
=
ﬁun@o_ 0
2

/

/

[N] HT
Qs Levad 69
TM) MYNIMIYTI

&
|
T 1
Wo—F

J &




NYDAOEIHD l

b

(s8 5VM) MYNIMOIYH

IHIIW

I

NYMATION 0934 (A8 CALYBA130

YL AELYM 3IIVL04 12
ANYLIGAL WYEd 3514V 02
WO ¥ ONAEELS 81
WNVLLSYTIVE @l
1dv NORGHGIE ol 260N i
26l ANV N i
POUE B0LVEIND 'S
F]l WNVLE0TISIA T
35vd a3d oW Pl
WOOH L3VHD 6
WO 30L0W G
WOOWHONIM “L
ASTIVLSVHE @
e VY St WOOE 0d TS 'S
FIOIIVI IS T
TM'A.0-8L APOOID T
Ly P S SNTAL
930 ANOJ3S
SNOILIAS SS0ED
No3d NIYW
4304 ONNOOT 14V ONINOOT L4V ONNOOT
OF AWVaEd 901 FIAVES Sl INVES
-\
35vd a3 TNON
.....................
Wa04Ly1d LS3ld
TMA.0-61
%730 ANOIAS
NOAANYW
HI3a ¥344n
“o3a 3oang V # 7
30a1g 40 d0L
a4:404 ONNOTT 4304 ONINOOT a2404 ONINOOT
91 INVH Gt IV 09 3NV
E NN
“EGvaaaainon
Wa041Vd 15414
TMd.0-81
D30 aNODES
N03d NIV
MIEA H344N

N03d 2oalEa




i,

ol LS TN AV, ‘z.)cfi'/}?}- —
B ") = i 2 " ’.q' & o ), ":f\sib o {9 y £
S AL S NS AASE R 8
LSRR AN OSSP
. . ) 54."“"'@,;’;55 VT
{) ’, ?; MAIN DECK
I/ : ,

e ya i
A & irsoine o S o T s
e 3,5’:%2@4 i Hfe

DECK SCHEMATICS

SCALE: 1/16" = 1-0”

0 8w a0 20 40 80

r;ms umu

WACKINAW WACE 85)
HEBOYGAN COUNTY




E
By ilif: =
w|| il S
H i <
&l
ﬂ o

_m Nv1d ONIWY A4 04 =B /1TVIS
) ) L . ; MIFA NIV Hod IABND HISWYD
e e 7 : . ————— 2 & vy 88 o & m - P Er Y]

ST

% T 3 . R Jdululs
: —— i 1— i I A1 I YY1 T &
=T .

w
-
N
T
=T
LY
L
L
NELE

E]

=3
T T SHERR TR 0-4 =, H L TIVIG
- TR
z | T Tt - — PETTER 7 o] HII0 HIAAAN IA0|Y $3330° % WIITEH H3dan B INBND ATVWVD
T > r o P M M AT XY N ST TSR 41 MY A3 % €
4

e

-1
e

T it H ] = —— = 2 e - il -

. Ly / _____ S | T

‘o R ! ,... LA 1 ] .ma
. e ‘__ :- -._._ | S e : i L R h..Tm_._w.!_;m___m.Jm..“v».

#

: SRS . == “hREkpn sk L ¥
NV1d AdOd : RS s w

= m P I\ SSEEAS RN W Samasa s

R d SN SiEaEs i

8 /e AR RS AN i e

82 i /A7 EYATA% %) S SN IR AN S s
i VAN NS i = Siaaass

mM w1 LY S 05 V2 %, TR T 5

=| :m__‘_._‘\\_‘. HEAARAT] m....“/h/__‘__.“._.__._%H = = i
g E 4 Ww e n e
TN _ e

NVIdHLAVENG-4TVH




RONTHOVI

(c8

NVWLATTION I0STS (A8 CALYINTIDD

S0C0 1L AG SV LINOLL

NV1d NOISNYJX3 T13HS

NV'Id NOISNVdIXH TTHHS

-
b

=

TH

. Np—— ) -
= ety i 2l ihk RIRE. ; . .._._ i di ittt
e T TS PP T e il e e I AR
- | ] :-h | . r !
m‘.,. i 1L
H =
ki | |
1
AT -
by
1L 5
| | N




SINIHDIS A0LYLWINGD U

waseoeronea s | IVHG H0T1340¥d HLIM 3OLOW

st s NOISTNAONA ISNOHONLSAM (0 | NN\ 444 LAVHG HLIM 301134034
i (¢ 240 o oY% oX .

L
%
%

2 m@ﬁlﬁ!}s na.un

mml_

'‘MOE 3HL LV 14 21 NV L4V 3H1 LV
AALINVION 1 ¥l 34V 40712408 133LS A0S FHL
SNENL A0L0W 3HL SY ALV INVS JHL LV SNIdS
LAVHS 3HL LYHL SNYIW LI3443 A0 LIFH10 3HL *4H 002
ONLLYAENZD TTHM WA GLL OL 4N LIVHS FHL SMIJS J010W MO
AITIVING 3HL TTHM W4 2€1 01 4N SA0T34034
FHLNANL ONY dH 000G SLVAENTO SAOLOW LIV OML 3HL 'SENIONT
HOUIXT 3HL Ad d3HSITAVLS3 51 3131 NLINSVA SH0LOW THL 'SldVHS
H0TIA404d 3HL 0L AIHIVLLY FAY HHHM SE0L0W NOISTNA0Ed 3SN0HONILSAM
FH] SAAMOL INFHAND ORALIFTE FHL "ALIDIALIFTE 20 40 SNV 025 ANV
SL70A 006 S3LYHED H0LVAINIO FHL "BNIONT HIVE 40 NI 3HL OL a3HIVLLY
A0LVAINGS FSNOHONILSAM FHL VIA ADAENE D14 LIFTE 0d OLN INA0SENVIL
S TSN 135310 40 dH 0002 FHL NOLLAYNENINOD TTV.L ANV MOAAVN AFHL
N ONLINGTA SNOLLINNE AALLONCO0T 304 dINDISEA ATYNIOII0 SYM SNIONE 3HL
W00 SNHOWA 334 A31VI0T 3V HOVE OML 'SINIONE 13831d NOLSId-a350440
"HAANTIAD 01 "ISHOW-SINYEEIV XIS 3HL WO A3 LVEENIO 6] A144NS 33aM04
FA0D IHL ‘WALSAS HALIFNF-1ISHA ¥ HONOEHL ATAIMO S| MYNRDVIN HL

*SWALSAS NOILLTINAOEd ANY 43aMO4d

"WALSAS SHLNO NOLLYNH0ANI
FAOW 404 OV 133HS

36 N 14N (3) S4hnd WL
ANV 133H 0 NOILYIOT ZHLON

4 SdWNd T33H ANV WL

TN S NV OAOaIHS
(c8 B5VM) MYNIMIVI

dloH

_ R = L P ]
D L™ T ,WIHW & e |

R e s i S FE S RN

. ) |
E o L =
m G e S ' G |

s -
it o O =

=

il
Hifil

AT403d dav0aNI

s
i

B4
T

bt
i




SAAVAZIVISE XD

*SININOJWOI WALSAS

300 40 AVA A3HLONY ND3d 0L S13533H

34 01 SVH YOV 3HL "LHOINIZAO 301N IONLS
NOSVIES ONNVIEE 31 3HL ONIENG 15348 S.LHOIN
V4314V AAIWA0 ST ATVNSN S| AFAINNYIN
ONTA3H 3HL TINH 3HL 40 S3dIS 3HL LY 3

40 1071V dYI10 01 TI0 3T4930 AN TIVIHG
NAAZ 404 SMOTTV HLAVAHE SAIM SMYNHVIN IHL

(panowiau)

TING 3 N7 JAGHIND

(co E5VHY MyNIHowW

"A0LOW FSNOHONILSAM
0L d3HOVLLY Sl LIVHS AAONA NI OVH INTFTG LAVHS
* LdVHS NO 201134034 2 7IvL3d

901 Jom3 U $ona8 eem die

243 uaym BuLLLg 190 pa.iajoad sem Buyeay Aum enojago
o1 ‘Rpedes Jaqnus 81 62 [aM 88 |SAE] 07 Spesu 1SE)Eq
2 eousqep soBuol aya YalM 199U Buidid youy 12 sy
wdi 09g ¥ pue a3 uo Jojeddosd B yam 34eys @ suids
Joqow ssnoyBuresp y diue sud Jo pus yows 1w sdwnd omy
EA P18 01 SP18 Lo Po14MS & 168)(8q a3 ‘soaide Ryoedes
widB 00 4.1 18 ‘eduind [sey s|qisenea o3 yo Rayqedes
SIgEIIPIEUCD A1 JO PENE09] SlqEIEOP 160 6| 6| s
aya Buesy 1o aprs is0ddo 64) 04 paroqieas Jo i0d wWosy
Aeeeq Bupayeue.g 6] We1eke Syl JO 96N LOLILIOD 150U 81|

“duind wig ay3 yPnouys edid sbeas 10 oq

991 243 9N0 dys sy1 030 JYBno.q sem 4) uojyeey @3isoddo
au1 U washe Budid ayg wouy parowias aq ues Jsepg
'SaAEA 9dE050 a7 1A Yoo URELL 943 OO N0 SMOS
S B 04U BMOL SIIEM YINUI 007 §| “dis o1 [j04 4o dig 03
e Pupuodso. o Jou ous 0 R SUO LIOLY PaIgjsiaT
equeo geeieg “Aprdes wdb 0o go 1) U exues
oPra0l6 [99Y PuR UL SUT 07 15H([2q 944 SIPJELIE. LAYT
duind wis oy) ‘edid sBenme 9u3 1o %oq 92| 941 B1A Wejshs
441 0914 429EM Y624y smeap duind Ly pegese)
Rpaquooay), weelg edig pue dung wi | pue

(991 9sop-sEqE ) oy Aq peqinbad 6|
MVYNPEOWIN 941 14 268(jEq JO JUSLUSAOW U |

*SWELSAS ONINIAL ANY
ONITAH

(24) eoe e oug. 03 MYNIOVI

UTAUNG SL GG PINOM iU Su1 U JIE SUq
*Reaasoa) ‘(sana odeoss aua yBnoays
JFEM BUT N0 90404 PINOM HE 941) Bxues
199y pue i 9y oqup e dind pinos die
anosaly (14) Ane 1ea2 o4 3| MYNIIOVIN
o1 e pinesd o sem adid cbeaes sy
40uoouny Jayouy “jjee sy 1eeiEq Bxe
Papaa 0B A1 4] Pa6Ianad aq OS|E PINoo
ey '(2¥) dys Jaya0 aya 04 uoltoauLeD
405dfa swoe pue duwind wiig eug UBnoJyy
SHIEY [99Y PUB WL BT WOy 1538M
9140 A0 49 38U PINOD MYNINOYIA
a1 \(1g) asepeq popesu diys Jayzous 4|
‘SUOMIUNY 4o Aidnos e paniss odid sbeaps
41 '5,0G61 243 Ul SUISUI0E PaAoUITy

‘3did JOVATYS

i

4
FSANNA ONINWIRL ANV ONITAEH - Vv Tiv.LEd




aVaH ASdAD 2L

¥V301INa I

GV ONEIS TVIILAIA 0L

HOSSTALNOD TIVEG-HILMTD ‘6

ANV TIVAG-HOLMD '@

A ISV ONIHAS TVIILEIA “L

BE(F  ONVLS ONEV3E 3UVIAINEAIN 9

£ NOINIA 9 339 J0LOW 'S

_m aNVIS HALSNAVNOISNAL ¥ g5
WMAa d3SMVH ONIMOL €

SHOLOW INAVIA "2

VA AIONIT0S |

| INHOYWONMOL
o IRLOFTA21LYNOLOY
m NOSNHO NYI1Y (1

|
|

w G LNINIONVHAY SN NI NMOHS SV SdIHS

ATTTVING ONIMOL NIHM 3I30 3HL NO INSWZINDA ANY SNIOOVYNS WOEd
3NIT IHL 54330 MO ONIMOL FHL "SAIHS TTVL 304 WVa INFWIONVAAY
ANTTNENMOHS S SINFWIONVEEY ONIMOL NS 3410 3LVA0OW0IIV
NV2 Lig TYNOLLONNZ-LLTNIA SHL ' AGY1 410 3HL. SY NMONY 05TV

“Lid ONIMOL FHL 40 A3TINd 3HLHONOAHL 34 S| 3NT3HL '8d1000'vé
OL 4N T4 NYD SNHIVIN ONMOL JE L3713 21 LYAOLNY NOSNHO NYWTY
HL "SALMEYAYI SNMOL ALNA AAYIH HLM d34IN93 S| MYNDIDYIN 3HL

ONIMOL

BUMO1 104 UDFON-A Ut Punoas diys jo maiA

‘Gl 09 HEAD 30 SIS M MY SHL ST N

TG 90030
(c8 BV} MYNINIVW

S0 LNNOWY

TG
LSWATHL "SIV NN SNIVES 81 SHL AG A30H0NITY 51 MOD SHL S0 SNIFYEL 13318 OSWaATTINYD 3HL

FONIWY24 MOd

"LV04 3HL 40 S3903 3HL ANNOAY ONAOW
AALYM S0 MO 3HL ONIEEN SY T1aM S S TI1LAVL
FITTVING OLN 301 40 SHNNHD 39V 3HL NMOA SivaEd
404 3HL “TIH 3HL LSNIVOY 31 3HL 40 NOLLO 3HL
FONAFE OL 61 J03d FHL S0 NOLLINN FIHLONY TIH
S.dHS 3HL HLIM MV3da 0L dFiISV3 ANV 31111089 FH0W
Av1S 301 3L ONAFANTY ‘S 13HS-30 SHL HLYIANAZANN
WO H3LYM 3HL JA0WEE 0L SINOLLONN NIVIA S11
'S53002d ONDIVIEE 301 3HL NI SNOLLINNE JO ALIAVA

Y S3AAZS A0T13404 AAVMO SMYNDIVIN 3HL

240113404 Mod

NOSVIS ONNVEdE 301 3HL 40 SHALVM AIOlEd
FHL 404 d3LUNS H3L13d 133US AW MOHL W8/G-1 HUIM a3AY

S TINH 3HL “3NMIELYM 3HL MOT3G 13315 FUSNIL-HOMH XIHL ‘SaAVMIOVE

@/€-L AIATIM 40 IAYW 5| SHS FHL ‘INITHZLYM FHLONOTY = h%wwmﬁ oz%amum
AHS 3H,

"HOVIAVA WO 1 193L0%d OL S413H L13@ 391 311 PO u‘ozqwu hﬁ._%é 4

T33LS FHL "dNONMOVE SINIVIN EHL
SY 20 S1I3T43d NAOH H3aand 3HL

INJOH d3aand (2

111ag 3ol (e

‘aaMOL AT134VS 3dNVD

JHS ¥V HIIHM NI 30NV.LSId
TIAVLAOIN00 LNa "3S010 Y
04 A3ANILNI Sl 3dVHS 3HL
‘dHS dAMOL ¥ 3LYA0N0J0Y
OLHILONY SYH N23Ls

SMYNROVIA ZHL
HOLON-A (1

MV Oy

* ATEHS 201 FHLNIWVAS W 3LVAN0 01 a31VA438 SINOLLOW SHL “TINH S HLYANSIANN 301 ANV
SAHSTAD ANY STTV MYNDIOWIA 3HL 'SHNV.L T33H ANV WAL TINd 40 THOIIM d3aaV 3HL HLM "LIVINOD
NOJN 01 ZHL AA0 SHS ZHL 361V 01 d3NDISEA S1 MOE SHL 40 TV ATIONY 3HL “301 3HL OLN JHS FHL
ONHSNd SINIONT ONIAVOE H0 LSTaHL 3HL HLM "ONRVIRGE0I 0L 136 1 SANTTMOE 3HL 40 34vHS THL

‘M09 WAOZ3IVIN

=

SOLLSTHALOVIVHD TVNOILLONNA

AL SHL 0 T100IW 3HL
HMOG ATV OHY SAWN0 SAGLN0 SHL ONOTY NMOA SHIATYE NSHL SAEND SESNI ML
ONTY SN0 L5a ONINANL 3AM Y "S4HS OO 804 (3

VA ZHL 30 154 3HL GIMOL 1 dHS 3HL NOLLSO4 N
SV N0 NOMSYS TIVM @DV ML 1TVE L S0V BHL SISV 301 0N0s
173 d SIHL ONENA (2a) 221 400LE ANV

OL i S0 L SIS0 MVNTATYI SHL “(ha) 301N HOLE 51 HTAV TV NaHM (a

ST 3 FHL HON0WHL
LV S VT MYNCONIN FHL SNAVH AT JELYEND GLAVMHOHEEANG. V (¥

ITErEr ]

HENTEHL A 3L L= Tav diHiG SHL

FSAIAAINNYN ONPIVEAE 301




